Many of the early studies on factors associated with periventricular haemorrhage (PVH) were retrospective and dealt with infants who had clinically apparent haemorrhage or whose haemorrhage was diagnosed at necropsy.' Though useful, their value is somewhat limited because only half of the cases with PVH can be diagnosed clinically,2 and necropsies provide data only in those infants who have died. The use of computed tomography allowed all surviving infants with PVH to be identified, but timing of the haemorrhage was inevitably imprecise as early and repetitive scanning was not possible. -6 Even in serial real time ultrasound studies done with minimal disturbance of the infant, difficulty in distinguishing causal factors from abnormalities developing as a result of PVH may persist.7 8 Only one previous study distinguished antecedentsdefined as variables present before PVH was detected-from associates, which included all developments in the early neonatal period.9 If PVH is to be prevented its timing and antecedents must first be clearly defined. The timing and evolution of PVH 13 in infants weighing 1250 g or less at birth have been reported separately. 10 The purpose of this study is to describe the factors found to predispose extremely low birthweight infants to the development of PVH.
Patients and methods
Details of the 50 infants weighing 1250 g or less have been described elsewhere.°All were scanned at least daily for the first four days after birth and weekly thereafter until discharge or death. The mean age at the time of the first scan was 10 hours. All infants with PVH were scanned before 12 hours of age except two infants born elsewhere who were admitted after that age. All those infants with PVH were actually scanned every 12 hours until 72 hours of age except two who were scanned every 12 hours until only 48 hours of age. This enabled the timing of haemorrhage to be established within 12 hour blocks.
A Toshiba SAL 120 real time linear array scanner with a 5 MHz transducer was used to obtain images in coronal, saggital, and axial planes as previously described.10A study of correlation at necropsy previously reported by us showed 90% diagnostic accuracy of PVH1' similar to the previous experience of one of us (WS Obstetric and intrapartum data from 30 infants with PVH were compared with data from 20 infants without PVH (Table 1 ). In addition, drugs taken by the mother before delivery were analysed. Salbutamol, betamethasone, oxytocin, antihypertensives, chloral hydrate, and pethidine were not found to be significantly related to PVH. Birth trauma, as evidenced by severe bruising, was the only significant obstetric factor. The birthweights and lengths of gestation of infants with PVH were significantly lower than those without PVH. Seventeen (81%) of 21 infants born at 26 weeks' gestation or less had PVH compared with 13 (45%) of 29 infants of more than 26 weeks' gestation (P<0.005). The admission pH, PaO2:FiO2, and haematocrit were also significantly lower in the group with PVH. The effect of birth outside the perinatal centre and neonatal group.bmj.com on January 20, 2018 -Published by http://adc.bmj.com/ Downloaded from transport could not be assessed as 46 (92%) of the study population were born in this hospital.
As 50% of germinal layer haemorrhages, 67% of intraventricular haemorrhages, and 85% of intracerebral haemorrhages developed after 12 hours of age events in the neonatal course must play an important part in the development of PVH. Table 2 shows that hyaline membrane disease, pneumothorax, administration of tubocurarine, and hypercapnia were very significant antecedents of PVH. Hypoxaemia, mechanical ventilation, and systemic hypotension were also significant antecedents. Other neonatal factors were analysed but were not found to be related to PVH. These included pulmonary haemorrhage, pulmonary interstitial emphysema, persistent pulmonary hypertension, patent ductus arteriosus, thrombocytopenia, disseminated intravascular coagulation, volume expansion, administration of NaHCO3, tolazoline, pancuronium, ventilation variables of maximum ventilatory rates or maximum peak inspiratory pressure, maximum and mean PaO2, minimum PaCO2, maximum and minimum serum osmolality, and sodium, calcium, potassium, and maximum serum bilirubin concentrations.
As the gestation periods and birthweights of infants with PVH were significantly lower than those without PVH, a case control study was carried out to compare the incidence of risk factors in subgroups of a similar gestation and birthweight. Five extremely preterm infants with PVH (mean (SD) gestation 26-0 (0-7) weeks, birthweight 827 (71) g) were matched with five control infants without PVH (gestation 25-8 (0-4) weeks, birthweight 886 (56) g). Table 3 lists the significant antecedents of PVH at this degree of extreme prematurity. In addition, 6 more mature infants with PVH (gestation 28-3 (0-5) weeks, birthweight (1002) (199) g) were matched with 6 control infants without PVH (gestation 28-5 (0-5) weeks, birthweight 1015 (153) g). Table 4 shows significant antecedents of PVH in this group.
Of the 24 infants with intraventricular haemorrhage, 10 developed the haemorrhage before 24 hours, 9 between 24 and 48 hours, and five after 48 hours. group.bmj.com on January 20, 2018 -Published by http://adc.bmj.com/ Downloaded from antecedents of PVH showed that hyaline membrane disease, hypercapnia, and short gestation correctly indicated the presence or absence of PVH in 39 (78%) of the study group. The most significant antecedent of PVH was hyaline membrane disease (contributing 43% to the discriminant function), followed by hypercapnia (29%), and short gestation (28%). The discriminant function analysis erred in classification only when a small germinal layer haemorrhage developed or when acute deterioration was followed quickly by death. A discriminant function analysis was also done comparing 22 infants with germinal layer haemorrhage with or without intraventricular haemorrhage with 8 infants with intracerebral and intraventricular haemorrhage. The variables that combined to classify correctly 90% of cases were hypothermia and low PaO2:FiO2 ratio on admission and severe bruising at birth. Hypothermia contributed 41% to the discriminant function followed by a low PaO2:FiO2 ratio (37%) and severe bruising (22%).
Discussion
To date, only one other published study has examined antecedents of PVH in a similar fashion.9 The study population included infants weighing up to 2500 g at birth, all of whom were of less than 33 weeks' gestation. Ultrasound scans were done often enough in 83% of their infants with PVH to determine timing of haemorrhage within one day. They concluded that short gestation and severe respiratory illness, particulary hyaline membrane disease, necessitating ventilation and complicated by pneumothorax, were the most significant antecedents. Other significant antecedents included hypothermia, abnormal pH and blood gas tensions, hypotension, bicarbonate infusion, administration of tolazoline, and abnormal clotting times. The study population of infants weighing 1250 g or less at birth in the present report is the largest real time ultrasound study group for these extremely preterm infants (mean gestation 27 weeks, mean birthweight 888 g) to be reported on. Our frequent scanning enabled the timing of PVH to be established within at least 12 hour blocks (range 2-12 hours) in all infants.
Severe bruising at birth, probably reflecting the degree of birth trauma, was the only significant obstetric factor. Eight of the 9 infants with severe bruising developed PVH before 24 hours of age, and all were of 26 weeks' gestation or less. Although caesarean section has been proposed for delivering these extremely preterm infants in optimal condition with the least physical or biochemical trauma,'3 and although a significantly lower incidence of PVH has been reported in babies born by caesarean section compared with vaginally in previous studies,5 8 this association could be explained by the fact that mostly more mature infants who had the lower incidence of PVH were selected for delivery by caesarean section. In our study, no protective effect of caesarean section was shown. It was the degree of birth trauma and not mode of delivery itself that was the significant factor.
Decreasing gestation and birthweight were shown to be significant antecedents of PVH even within the narrow range of our study population. The least mature infants were the most vulnerable. This was not surprising as the germinal matrix, which is the most frequent origin of PVH, is most prominent in very immature infants and does not involute until almost term. 14 To control for the influence of gestation and birthweight and to exclude the possibility that the identified antecedents of PVH simply represent the descriptive characteristics of a population of more immature infants, case control studies of infants with and without PVH at 26 and 28 weeks' gestation were done. All of the previously described risk factors except one, were found to remain significant within the two subgroups, and 6 antecedents were common to both subgroups (low admission pH and PaO2:FiO2 ratio, administration of tubocurarine, maximum peak inspiratory pressure, maximum PaCO2, and minimum PaO2). This data analysis confirmed that perinatal asphyxia followed by severe The results of our study give strong support to the hypothesis that increased or fluctuating cerebral blood flow leads to PVH. The infants with the shortest gestation, who have the most extensive germinal matrix, have the highest risk of PVH as any factor causing an increase in cerebral blood flow would tend to over perfuse the periventricular region preferentially in these extremely preterm infants. Severe bruising at birth probably reflected the degree of physiological trauma intrapartum. Acidaemia on admission reflected the degree of perinatal asphyxia. Severe lung disease, reflected by the low ratio of PaO2:FiO2 on admission, need for assisted ventilation, and high peak inspiratory pressure, was often a result of hyaline membrane disease. This was responsible for episodes of hypoxaemia and hypercapnia and for the development of pneumothorax. Hypercapnia, however, remained a significant antecedent of PVH independent of hyaline membrane disease in the multivariate discriminant analysis. Low haematocrits and systemic hypotension, often corrected by volume expansion, are factors that have been shown to increase cerebral blood flow.' These factors were also found to be significant antecedents of PVH.
The data from our study suggest that prevention of perinatal trauma and asphyxia as well as respiratory illness, especially hyaline membrane disease, should reduce the incidence of PVH in extremely preterm infants. In particular, stabilisation within the normal range of physiological variables (PaO2, PaCO2, blood pressure, haematocrit) that affect cerebral flow and cerebrovascular transmural pressure is likely to be the most effective way of preventing the development of PVH in the immediate neonatal period. 
